NOTES Classical collision complexes in the D+H 2 (v=O, j=O)-+HD(v', j')+H reaction
--+H 2 (v',j') + H reaction and its isotopic analogs has originated recently a great amount of work both experimental l -3 and theoretica1.
4 ,5 After a certain controversy it is now generally accepted that the scattering resonances, in accordance with the exact quantum mechanical (QM) predictions, will not show up in the energy dependence of the integral cross section. relative maximum that moves from backward scattering with respect to the incoming atom (e = 180°) at low energies to forward scattering (e = 0°) at higher energies building thus a "ridge" along the E -e plane. This ridge structure in the differential cross section has a counterpart (via deflection function) in the dependence of the reaction probability on energy and on total angular momentum peE, J). The authors attribute the ridge structure to the manifestation of a "broad" (Le., with contributions of several J for each resonant energy) quantum mechanical resonance.
The interest of this finding is further increased by the fact that the ridge structure in the differential cross section could be observed experimentally, providing an experimental scheme is used that allows the simultaneous detection of the scattering angle e and the internal state (v', j') of the product molecule from the reaction. In fact such a refined experiment has been undertaken by Vrakking, Bracker, and Lee 6 for the D + H2 --+ HD + H system. They use a cross-beam arrangement and employ resonance enhanced multiphoton ionization (REMPI) and a position sensitive ion detector for the analysis of the HD products.
We have carried out quasiclassical trajectory (QCT) calculations for the
--+HD(v',j') + H reaction on the LSTH potential energy surface 7 covering the range of collision energies relevant to the quantum mechanical calculations commented on. Figure 1 (a) shows a three dimensional representation of the QCT differential cross section vs E and e for the v' = 0, j' = 2 case. A ridge structure very similar but somewhat less pronounced than the corresponding quantum mechanical one is also present. Similarly, Fig. 1 (b) represents a 3-D plot of the reaction probability P(J) (opacity function) as a function of the (total) angular momentum and total energy where this structure in the J-E plane is also noticeable, also in analogy with QM results. 5 Qualitatively similar results are obtained for j' ,.;;3. In order to clarify the origin of this structure we have investigated the "time delays," 1'del of the trajectories leading to scattering angles in the region of the ridge, where 1'del is defined, following Ref. 8 as 1'del = T -R/vrj-R/vrl where T is the total duration of the trajectory initiated in channel i and ended in channel f and R, and v r are the coordinate and the velocity of the atom diatom relative motion at the initial and final times of the trajectory. The differential reaction cross section for a collision energy (Er) of 0.60 eV and j',.;;3 is shown in Fig. 2 (a) . This picture shows also the angular distributions for trajectories with 1'del longer or shorter than -10 fs. The bimodal character of the angular distribution is clearly seen in this representation, which shows a bump in the angular region corresponding to the ridge. It is also manifest that this bump is caused by the more "delayed" trajectories. The corresponding opacity functions are portrayed in Fig. 2(b) where it is clearly shown that the longest lived trajectories correlate with high values of the angular momentum.
An analysis of individual trajectories shows indeed that those pertaining to the ridge lead typically to a short lived linear collision complex that undergoes one or two oscillations and then dissociates to give the reaction products. The corresponding lifetimes are 15-30 fs. This is less than a rotational period but more than the collision time ( < 6-8 fs) of the most frequent "direct" trajectories.
"Trapped" trajectories leading to several oscillations of the collision complex had been found by Muga and Levine 8 for this reaction and are also present in our calculations but they are very rare and have no influence in the shape of the differential cross section.
We conclude from our study that the described structure in the energy dependence of the differential cross section for D + H 2 (v = 0, j = 0) .... HD(v',j') + H, which is, in principle, accessible to experimental investigations, can have at least a significant classical contribution.
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